Background: Hydrodilatation (HD) has been shown to improve pain and function in patients with adhesive capsulitis (AC). There is no consensus concerning how HD should be performed or what volume should be injected. It has distinct advantages compared to surgery; however, it is a painful procedure and is often poorly tolerated. Methods: We retrospectively reviewed all patients referred for HD over a 2.5-year period aiming to assess whether volume injected influences outcome. Results: There were 107 patients treated with HD; of these, 76 (43 female, 32 male) had full data for analysis. The majority were classified as primary AC (n ¼ 57) with an average age of 55.5 years. The mean improvement in Oxford Shoulder Score (OSS) was 12.1, with females (13.9) and post-traumatic cases of AC (14.1) demonstrating the best outcome. No complications were observed during the HD process. There was a negative correlation observed between volume injected and OSS improvement. Only two patients experienced a poor outcome and required further treatment with manipulation þ/-arthroscopic arthrolysis. Conclusions: The present study supports the use of HD as a first line treatment for AC regardless of the underlying cause, and also demonstrates that the volume injected does appear to influence the outcome.
Introduction
Adhesive capsulitis (AC), also known as frozen shoulder, is an intensely debilitating condition usually characterized by a gradual onset of severe pain and global limitation of both active and passive shoulder movements. It was first described in 1872 as an inflammatory process affecting the sub-acromial bursa, 1,2 although the term 'frozen shoulder' was not introduced until 1934 by Codman. 3 We do not fully understand the aetiology of AC and the majority of cases are classified as primary/idiopathic in nature. It has been linked to systemic illnesses such as diabetes mellitus [4] [5] [6] and can also be precipitated by trauma to the glenohumeral joint. It is generally assumed to affect 2% to 5% of the general population, 7 and a recent study approximated that there were 14,000 surgical interventions performed in England for AC each year. 8 Hydrodilation (HD), also known as arthrographic distension, was first reported in 1965. 9 It typically involves injecting a volume of liquid into the joint in an attempt to distend, dilate or ideally rupture the tight fibrotic capsule. It is usually combined with a steroid injection and followed by a course of physiotherapy to restore shoulder movements. A Cochrane review in 2008 concluded that there was 'silver' level evidence for arthrographic distension to provide short-term benefits in pain, range of movement and function. 10 However, there have been several randomized Trauma and Orthopaedic Department, Royal Bolton Hospital NHS Trust, Bolton, UK controlled trials that have demonstrated no difference compared to steroid injection alone, or versus placebo. [11] [12] [13] [14] At present, there are a variety of different HD techniques described in the literature and there remains no clear consensus regarding the most effective technique. Rizk et al. 15 injected the same volume (30 mL) for all 16 patients in their study and reported a 100% capsular rupture rate. The majority of studies, however, suggest that the volume injected should be adjusted or tailored to each individual patient. 11, 16, 17 The procedural endpoint should ideally be radiological evidence of capsular rupture but, in practice, it is generally performed up to the patient's individual tolerance. The volumes used in the current literature range from 10 mL to 100 mL. Tveita et al. 14 reported rupture in their series with as little as 10 mL. The majority of HD studies report on the outcome after a single procedure, although some studies have described a protocol that involves attempted weekly HD over a 6-week period. 12 The aim of the present study was to examine whether the volume injected during HD has any influence on the outcome of the procedure.
Materials and methods
Between April 2013 and October 2015, we collected data on all patients undergoing HD. Appropriate local review board approval for the research has been obtained. Data were collected prospectively but reviewed retrospectively.
Our inclusion criteria were all patients referred for HD by one of the three senior investigators (consultant orthopaedic surgeon). A clinical diagnosis of adhesive capsulitis was made based on Codman's criteria, with pain and associated loss of both active and passive shoulder movements, particularly external rotation. All patients reported at least 2 months of symptoms. HD is the first line treatment for AC in our institution, and all procedures were performed by a single radiologist (RM).
The primary outcome measure used was the Oxford Shoulder Score (OSS). This is an easy to use and validated patient reported outcome measure consisting of 12 questions with a maximum score of 48. It assesses both shoulder pain and function, with a change of >6 being needed to be clinically relevant. 18, 19 The patient's case notes, clinic letters and procedure reports were reviewed. Each patient's age, hand dominance, history of presenting complaint and past medical history were recorded. Information available for each HD included a pre-procedural OSS, procedure technique, total volume of saline injected, use of Entonox (BOC Healthcare, Manchester, UK), whether the procedure was completed or abandoned, and whether it was considered to be a success. A success was either radiological evidence of capsular rupture or significant distension/audible pop with immediate improved range of movement. The physiotherapy notes and follow-up orthopaedic documentation were reviewed for each patient to establish a post procedural OSS, as well as the need for any further treatment with manipulation under anaesthetic (MUA) or arthroscopic arthrolysis (AA).
Entonox was introduced during the study period and was offered to all patients experiencing pain during the procedure.
Statistical analysis was performed using StatsDirect (StatsDirect Ltd, Altrincham, UK) and the integrated statistical tools of Excel (Microsoft Corp., Redmond, WA, USA). The Mann-Whitney U-test was used for continuous data and the chi-squared test was used for noncontinuous data. p < 0.05 was considered statistically significant.
Hydrodilatation technique
The patient lies on a fluoroscopy couch, supine with the shoulder to be injected exposed. A radiopaque marker (paperclip) is placed over the superior/medial quadrant of the humeral head above the epiphyseal line. Gentle pressure is applied to make an impression on the skin before it is cleaned with chlorhexadine solution and 2 mL of 1% lidocaine is injected.
A 21-gauge needle is inserted into the shoulder joint and 2 mL of saline is injected, if flowing freely (within rotator cuff interval), then a water soluble contrast is injected to confirm position. If intra-articular contrast is confirmed on screening, steroid (40 mg of Kenalog; Bristol-Myers Squibb Company, Princeton, NJ, USA) is injected via a three-way tap with a short connecting tube, followed by 10 mL of 0.5% chirocaine, which is injected slowly.
After a few minutes, the shoulder is injected with a mixture of saline and contrast during the screening. This is continued until there is radiological evidence of capsular rupture or the patient reaches their volume tolerance. A heavy duty luer lock syringe can be used to inject when large volume/pressures are required. Entonox via a mouth piece is supplied to the patient throughout the procedure to help alleviate any pain or discomfort experienced. After the procedure, the patient is examined to ensure increased range of motion, which can often take 5 minutes to 10 minutes.
A standardized physiotherapy regime was started within a week of the HD procedure. Patients had to satisfy an objective set of criteria prior to discharge, including a functional range of movement and patient-rated symptom improvement.
Results
In total, 107 patients were referred for HD and 80 of these had data available for analysis. Four patients were unable to tolerate the procedure and were not included, giving us a study cohort of 76 patients. Of the 27 patients with missing data, 15 had no pre-procedural OSS and 12 had either no documented follow-up or failed to attend follow-up and could not be contacted.
The average length of follow up post procedure was 3.5 months (range 1.5 months to 9 months), which represented the date of discharge from either clinician or physiotherapy follow-up. Final, postoperative OSS were collected at this final follow-up. The demographic characteristics of the cohort are reported in Table 1 .
There were 44 (58%) females and 32 (42%) males. The mean age was 55.5 years (range 43 years to 66 years). The mean (range) of pre-operative OSS was 20.3 (2 to 38). The mean (range) postoperative OSS was 32.2 (6 to 48) and the difference was significant (p < 0.00001), confirming the treatment effect of HD. The mean overall improvement in OSS was 12.1.
Fifty-seven (75%) patients were classified as primary (idiopathic) AC, and there were 11 (14%) diabetics. Eight (11%) patients developed AC after either a shoulder dislocation of proximal humeral fracture, and were classified as post-traumatic with a mean time from injury to intervention of 9 months. More details of each aetiological group are provided in Table 2 .
Female patients achieved a greater mean OSS improvement (13.9) compared to males (9.7), although the difference was not significant (p ¼ 0.076). The treatment effect of HD was not affected by the aetiology or diabetic status of the patient. Patients who received HD for post traumatic AC made the greatest improvement in OSS (n ¼ 8, 14.1), although this is difficult to interpret as a result of the small sample size and did not reach significance (p ¼ 0.64).
Further sub-analysis was performed by categorized patients as having received low (<30 mL), standard (30 mL to 50 mL) or high (50 mL) volume HD. Fifteen (20%) patients received low, 45 (59%) received standard and 16 (21%) received high volume HD. The characteristic of each subgroup is detailed in Table 3 .
The treatment effect and improvement in OSS was lowest for the high volume dilatations (8.6; n ¼ 16) and, when compared with the 30 mL to 50 mL volume group (13.6; n ¼ 45), this trended towards significance (p ¼ 0.064).
There was a negative correlation observed between HD volume and OSS improvement, as demonstrated in Figure 1 . This suggests that larger HD volumes do not convey any additional treatment effect.
There was a total of 13 patients referred for HD who were unable to tolerate the procedure and it was therefore abandoned as a result of pain. During the study period, the HD technique evolved to include Entonox as an analgesic adjunct in an attempt to help patients manage any discomfort during HD. Although the addition of Entonox improved the overall tolerability (84% without versus 95% with), the mean improvement in OSS was similar to the treatment group as a whole (11.6 versus 12.1). There were no complications observed in any patient during the HD process.
Ten of the 107 patients referred for HD required surgical management with either MUA or AA; however, eight of these 10 patients had HD abandoned as a result of pain. Of the 94/107 patients who were able to tolerate HD, only two required surgical intervention (2%).
Discussion
This is the first study of HD to investigate the relationship between volume and outcome. Our results support the use of HD as an effective first-line treatment for AC. We found a mean improvement in OSS of 12.1, and this was seen within both primary and secondary cases of AC. Female patients and post-traumatic cases of AC demonstrated the best OSS improvements (13.9 and 14.1), although this was not statistically significant. Our mean OSS improvement (12.1) is lower than other studies have shown for both HD (16.9) and MUA (17); however, their scores were taken over a longer period of follow-up. Similar short-term results were reported (mean OSS improvement of 14) in a study of 51 patients treated with HD, and OSS was demonstrated to continue to improve over time. 20, 21 A study by Wolf et al. 22 of 100 consecutive patients with AC identified that those with a greater number of medical comorbidities had significantly poorer scores on shoulder assessment forms. This poses a problem of having potentially the most difficult to treat patients not being sufficiently fit to undergo general anaesthesia (GA). HD has distinct benefits compared to surgical procedures for AC. There is a considerable reduction in risk to the patient because there is no requirement for GA, making it a very attractive options for patients with multiple comorbidities.
HD is a day-case procedure that is typically performed in a radiology department. Therefore, it requires no formal hospital admission or allocation to a theatre list. We found it to be quicker and easier to organize and it puts no additional pressures on surgical waiting times. There is also a significant cost benefit compared to surgery, ranging from £1440 for a manipulation to £2200 for an arthroscopic release. The volumes of saline injected in the present study ranged from 10 mL to 80 mL, with the majority of patients receiving 30 mL to 60 mL. There was no correlation observed between increasing volume and improvement in OSS. Surprisingly, those patients who were able to tolerate very large volumes (>50 mL) did not demonstrate larger improvements in OSS. This perhaps indicates that patients who can accommodate more than 50 mL in volume may have the wrong diagnosis, or that there is minimal or no capsular fibrosis, or even possibly a large rotator cuff tear is present.
Ten of the 107 patients required surgical treatment; however, this was largely a result of the procedure not being tolerated rather than HD not providing a therapeutic effect. Only two patients who completed their procedure required any further treatment (MUA or AA). Thirteen patients were unable to tolerate their procedure and it was abandoned; however, the majority 11 of these failures were at the beginning of our study period before the introduction of Entonox.
Although we recognize the limitations of this retrospective study, it remains one of the largest reported series of patients treated with HD. The follow-up period was not standardized for each patient and we are reporting short-term results with an average of 3.5 months, although this does represent a fixed endpoint of discharge. We realize there is no data on shoulder range of motion; however, we consider that the OSS gives a more reliable and valid indication of outcome in this patient group.
As a result of the gradual onset of the disease, it is difficult to determine the exact duration of symptoms before patients underwent HD. However, all patients in the present study had at least a 2-month history of symptoms on presentation to our unit, and a typical wait of <4 weeks from being seen to undergoing HD. Of those patients with a definite preceding event/ trauma, the average time from injury to intervention was 9 months. Interestingly, Thomas et al. 21 demonstrated that the timing of MUA and a steroid injection in patients with frozen shoulder had no impact on outcome.
In conclusion, the results of the present study support the use of HD for all patient groups, especially in females and post-traumatic AC. However, given the paucity of level 1 evidence, further research is required to compare the different treatment modalities. We recommend that each patient undergoing HD should be injected in an attempt to achieve capsular rupture rather than a specific target volume; however, if achieving volumes >50 mL, then the diagnosis should be carefully considered. Entonox can be used as an effective analgesic adjunct to improve the tolerance of the procedure and, if tolerated, our results show that there is a very low need for further or surgical management.
